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Three different size classes of cDNA clones coding for the &subunit of human alcohol dehydrogenase 
(ADH) were characterized from a human liver cDNA library. Clones were identified by hybridization with 
synthetic oligodeoxyribonucleotides. A total of 2530 nucleotides were determined, covering an ADH-coding 
region of 1122 nucleotides, a preceding 72-nucleotide segment and 3 types of 3’-non-coding region. The cod- 
ing nucleotide sequence is in full agreement with the amino acid sequence of the &subunit. Of 8 clones 
identified, 6 had a short, 213-nucleotide 3’-non-coding region; 1 an intermediate, 590-nucleotide 3’-region; 
and 1 a long, 1330-nucleotide 3’-region. In addition, 2 unused polyadenylation signals were found. These 
results suggest hat human liver /I-ADH mRNAs occur in several size classes, and that in addition to the 
consensus equence AATAAA further signals are important for 3’-end formation. 
Alcohol dehydrogenase cDNA 
1. INTRODUCTION 
Human alcohol dehydrogenase (ADH, EC 
1.1.1.1) is a complex enzyme system of different 
dimeric isozymes, which have been divided into 3 
classes, I, II and III, based on electrophoretic 
mobility and sensitivity to inhibition by pyrazole 
[I]. The subunits of class I, cy, p and y, are clearly 
related polypeptide chains [2], coded for by 3 
separate gene loci [3]. Alleles giving rise to 3 types 
of ,8 chain and 2 types of y chain have been iden- 
tified [3,4]. 
The amino acid sequence is known for the class 
I subunits cr, PI, fl2 and y [2,5-81. At the 
nucleotide level, 3 cDNA sequences for human 
liver alcohol dehydrogenase have been determined 
[&lo]. However, one is only a partial sequence 
[9], another [lo] contains a few differences in rela- 
tion to the protein structure reported [S], and a 
third suggests a cDNA with the presence of a dele- 
tion [8]. 
Oligonucleotide probe DNA sequence 
Here we present a full-length cDNA sequence 
derived from the ADHi allele, prove complete 
agreement with the protein structure of the 
Pi-subunit [2,5] and show that there is a variation 
in the length of the 3’-non-coding region between 
different ,&cDNA clones. 
2. MATERIALS AND METHODS 
2.1. RNA preparation and construction of a 
cDNA library 
Total RNA was prepared from healthy adult 
human liver of Caucasian origin by the guanidine 
thiocyanate method [l 11. The preparation was 
enriched in poly(A) RNA by passage twice over 
oligo(dT)-cellulose (Collaborative Research, type 
3). 
A cDNA library was constructed from mRNA 
(Hedtn et al., in preparation) essentially according 
to Okayama and Berg [12]. Vector pT4 (kindly 
provided by G. Gross, Gesellschaft fur Biotech- 
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nologische Forschung, Braunschweig, FRG), used 
as primer and for linker fragment generation, was 
a derivative of pBR322 where the PstI-EcoRI frag- 
ment had been replaced by a 16%nucleotide frag- 
ment containing a unique lvpn1 site. The vector- 
primer was made by T-tailing at the KpnI site 
followed by Hind111 digestion, separation in 1 .O% 
agarose gel, electro-elution and final purification 
on oligo(dA)~ellulose (Collaborative Research). 
The linker fragment was made from the same vec- 
tor by C-tailing of KpnI digested vector, followed 
by Hind111 digestion, purification in 1.8% agarose 
gel, electro-elution and ethanol precipitation. For 
cDNA synthesis, amounts used were 1 pg of the 
vector-primer and 5 pg mRNA. Esc~eric~ia coli 
strain 5K (t&r this hsdR hsdM str’) [13j was used 
as recipient in transformations [141. The transfor- 
mants were pooled and frozen at -70°C as ali- 
quots in glycerol medium [15]. 
2.2. Screening for tra~sformants containing ADH 
nucleotide sequences 
Two oligodeoxyribonucleotides (probes I and II 
in table 1) were synthesized by the solid-phase 
phosphoamidite method [16] and labelled at the 
5’-end by transfer from [y-32P]ATP (Amersham, 
3000 Ci/mmol) using T4 polynucleotide kinase 
(Amersham). The labelled oligodeoxyribonucleo- 
tides were used as probes in screening of the cDNA 
library by colony hybridization and in blotting 
analysis of restriction enzyme fragments [17]. 
2.3. DNA sequence analysis 
Plasmid DNA from hybridization positive 
clones was cleaved with restriction enzymes and 
separated by agarose gel electrophoresis (0.8%) 
low gel temperature agarose; Biorad). Restriction 
enzymes were used under the conditions recom- 
mended by the manufacturers. Nucleotide 
fragments in agarose slices were ligated into Ml3 
vectors [18]. Sequence analysis was carried out by 
the dideoxy chain termination method [ 191 using as 
primer an M 13 specific 17-mer (Amersham) or syn- 
thetic oligodeoxyribonucleotides (probes III, IV 
and V in table 1) [16] corresponding to the then 
analyzed parts of the nucleotide sequence. The 
labelled nucleotide was [cr-35S]dATP (Amersham, 
600 Ci/mmol) and the sequence mixture was 
separated on ultrathin (0.2 mm) 7 M urea-6% 
polyacrylamide gels. 
3. RESULTS 
3.1. Characterization of piasmids 
From a frozen stock of a human liver cDNA 
library, containing 1.5 x lo5 transformants with 
inserts up to 3 kb, approx. 10000 colonies were 
screened for ADH sequences by hybridization. 
Thirteen clones hybridized with probe I (table l), 
and partial sequence analysis revealed 8 of them to 
correspond to then-subunit of human liver alcohol 
dehydrogenase. Plasmid DNA was isolated from 
these 8 clones and digested with KpnI and PstI. 
The fragments were separated by agarose gel elec- 
trophoresis, hybridized to probe II (table l), and 
submitted to partial sequence determination. The 
results revealed that there is a variation in length of 
the 3 ‘-non-coding region of the cDNA clones. 
Table 1 
Synthetic oIigodeoxyribonucl~otides used as hybridization probes and as primers in the 
sequence analysis 
Probe Size Nucleotide sequence Corresponding to 
I ll-mer AGCAGGAGGTACCCCTAC VaI 292-Ala 297 
II 21-mer TTA ATA ACC CAT GTT TTA CCT Leu 34%Pro 351 
III 18mer TTA GGA TGA TGA CTG AAA nucleotides 1942- 1960 
IV 1%mer CTG TGT TAA TGC TTT GTT nucleotides 2241-2259 
V 1 %-mer GAA TGT AGA TAT TGC AAC nucleotides 24182436 
Oligodeoxyribonucleotides I and II were synthesized to correspond to the partial cDNA 
sequence [9] of the B-subunit of human liver alcohol dehydrogenase. III, IV and V were 
synthesized to correspond to the presently determined sequence 
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Thus, 3 classes in size were observed (fig.1). Six 
clones (pADHI, 2, 5, 9, 10 and 13) have an iden- 
tical, short 3 ‘-non-coding region, one (pADH3) 
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Fig. 1. Restriction enzyme analysis and Southern 
hybridization. pADH plasmid DNA was digested with 
KpnI plus PstI and separated in O.Wo agarose. Patterns 
obtained are shown in A. Autoradiography after 
transfer to nitrocellulose and hybridization with probe II 
(table 1) is shown in B. To the left is a standard of 
pBR322 digested with NinfI. Lanes: 2, pADH2; 3, 
pADH3; 4, pADH7. 
contains an intermediate-sized 3 ’ -non-coding 
region, and one (pADH7) a long 3 ‘-non-coding 
region. The restriction enzyme analysis also in- 
dicated that pADH2 contained the longest 5 ’ -non- 
coding region. From these data, pADH2, 3 and 7 
were chosen for complete sequence analysis. 
3.2. Nucleotide sequence analysis 
The inserts of the 3 plasmids chosen were sub- 
jected to sequence analysis as shown in fig.2. 
Plasmid DNA was cleaved with restriction en- 
zymes, the digests were separated by agarose gel 
electrophoresis and large fragments were recleaved 
(fig.2). All fragments were ligated in both direc- 
tions in appropriately digested Ml3 vectors and 
their nucleotide sequences were determined with 
the dideoxy chain termination method on both 
strands except for a short segment of the 3 ‘-non- 
coding region where probes III, IV and V (table 1 
and fig.2) were utilized as sequencing primers. 
The short variant of the 3 ‘-non-coding region 
was shown to contain 213 nucleotides, the 
intermediate-sized variant 590 nucleotides, and the 
long variant 1330 nucleotides. pADH2 covers the 
region from - 72 to 1400, pADH3 that from - 7 
to 1990, and pADH7 that from 600 to 2458 (fig.3). 
In total, 2530 nucleotides were determined. The 
1122nucleotide coding region is initiated by an 
ATG codon, and terminated by a TGA codon. The 
translated nucleotide sequence is in full agreement 
with the amino acid sequence of the @i-subunit of 
human alcohol dehydrogenase [2,5]. 
4. DISCUSSION 
4.1. Characterization of cDNA clones 
One of the clones, pADH2, corresponding to the 
P-subunit of alcohol dehydrogenase has a 5 ‘-non- 
Fig.2. Strategy for sequence determination of cDNA clones corresponding to the fit-subunit. Only restriction sites used 
for the dideoxy sequence method are shown. The coding region is boxed. Arrows indicate the direction of sequencing 
and the scale at the top refers to base pairs. Filled boxes show location of sequencing primers (table 1). 
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Fig.3. Nucleotide sequence of the cDNA clones derived from the ADHi allele and the amino acid sequence of the 
PI-subunit of human alcohol dehydrogenase. The nucleotides are numbered on the right-hand side in the 5’- to 
3 ’ -direction with 1 for A of the ATG initiator codon; negative numbers refer to the 5 ’ -untranslated region. Amino acid 
residues are numbered below the sequence. The 3 proven and the 2 putative polyadenylation signals in the 
3’-untranslated region are underlined. Arrows indicate where the 3’-non-coding regions are polyadenylated. 
coding region of 72 nucleotides. As this region in 
eucaryotic mRNA usually ranges from 40 to 80 
nucleotides [20], pADH2 probably represents a 
full-length cDNA copy. 
All regions of the nucleotide sequence, except 
the part closest o the poly(A) tail, have been deter- 
mined on both strands. The coding part shows 
total agreement with the amino acid sequence of 
the Pi-subunit of human alcohol dehydrogenase 
[2,5]. Consequently, the nucleotide sequence now 
determined corresponds to the mRNA from the 
ADHi locus coding for the Pi-subunit. The 
previously known partial cDNA sequence for the 
P-subunit [9] is identical to the region between 
nucleotide 853 and 1740 in the presently deter- 
mined sequence (fig.3). However, a cDNA se- 
quence previously suggested to correspond to the 
whole Pi-subunit [lo] differs from the sequence 
given in fig.3 at 6 positions, and from the directly 
determined ,&I-subunit. Five differences (positions 
703-706 and 708: reported before as AGAG and 
T, respectively [lo]) concern the coding region and 
correspond to 2 amino acid replacements and one 
concerns the 3 ’ -non-coding region (position 1180: 
reported as A). The reason for the discrepancy is 
unknown, but the present data and the sequence 
directly determined from the protein agree. 
4.2. Size variation of the 3 ‘-non-coding region 
The lengths of the 3 ‘-non-coding regions differ 
between the ADH clones isolated. Three length 
variants have been found, containing 213, 590 and 
1330 nucleotides, respectively, between the stop 
codon TGA, and the poly(A) tail. The shortest 
variant is found in 6 clones, whereas the medium- 
length and the long variants are only found in one 
clone each. Another cDNA clone reported [lo] 
cannot be finally judged regarding poly(A) tailing 
but the partial cDNA clone previously isolated 
from yet another cDNA library [9] is a represen- 
tative of the medium-length variant now defined. 
It thus appears as if different sizes of 3 ‘-non- 
coding regions occur, with the shortest variant the 
most common cDNA in the present study. This is 
consistent with similar findings in other systems. 
In yeast alcohol dehydrogenase, however, more 
than 90% of the ADH-I mRNAs map to the 
poly(A) addition site furthest downstream from 
the structural gene [21]. 
The consensus equence, AATAAA [22], is re- 
quired for polyadenylation of mRNA. This 
polyadenylation signal is found at 4 positions in 
the cDNA sequence coding for human ADH. The 
presently defined short and medium forms of the 
3 ‘-non-coding region use signals at positions 1341 
and 1718, respectively, and the long form uses a 
less common signal CATAAA [23] at position 
2438. Clones using the remaining potential 
polyadenylation signals at positions 1579 and 1787 
were not found, supporting the notion that 
AATAAA is necessary but not sufficient for 
polyadenylation [24]. One further type of consen- 
sus sequence, CAYTG, immediately up- or 
downstream from the polyadenylation site [25], is 
not found at any of the polyadenylation sites now 
used. Another signal sequence, YGTGTTYY, 
located about 30 nucleotides downstream from the 
AATAAA signal has been found in 67% of mam- 
malian mRNAs [26]. A homolog of this sequence, 
AGTGTTTT, is now found only at position 1728 
(fig.3), correctly positioned for use in the medium- 
length variant. It appears that still further signals 
are associated with 3 ‘-end selection. 
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